An efficient and accurate fingerprinting method using reversed-phase rapid-resolution liquid-chromatography coupled with photodiode array detection has been developed and optimized to examine the variance in active compounds among Ziziphora clinopodioides Lam from different locations. Three active components, diosmin, linarin and pulegone, were identified by matching their retention times and UV spectra with the corresponding reference compounds. Our results indicated that chromatographic fingerprints, in combination with principal component analysis (PCA) and hierarchical clustering analysis (HCA), could efficiently identify and distinguish Z. clinopodioides from different sources. Our fingerprinting methods and data will be useful for quality control, and thus, more effective dosing in clinical application of Z. clinopodioides.
It has been well established that there is significant variation in the active components of traditional Chinese medicine (TCM), for example, the dependence on the location of medical plants. Hence the quality control of herbal medicines is a very important issue. Since ancient times, quality control methods have undergone many developments, from the botanical examination of shapes and microscopic structure to the chemical analysis of major components.
Quality control involves three steps: the first is false and true identification, the second confirmation of region of origin, and the third, quality evaluation [1] . The qualities of herbs are closely related to their producing areas and for this reason, the determination of region of origin is critical.
Fingerprint analysis is generally considered ideal for the classification and quality control of herbal medicine [2] and has been accepted by the WHO [3] . The State Food and Drug Administration (SFDA) of China requires the use of chromatographic fingerprints in the standardization of all herbal medicine-derived injections and related materials [4] . In particular, chromatographic fingerprinting that furnishes a profile of an extracted sample is widely used for the quality of TCM , including thin-layer chromatography (TLC), gas chromatography (GC), and liquid chromatography (LC), as well as the combination with mass spectrometry (MS) [5, 6] .
Z. clinopodioides Lam., family Lamiaceae, is indigenous to China, Mongolia, Turkey, Kazakhstan, and Kyrgyzstan. It is a semiperennial shrub-like plant that grows on low hills, grasslands, and arid slopes [7] . As a traditional Uygur medicinal plant, Z. clinopodioides has various uses in Xinjiang, China, including the treatment of heart disease, high blood pressure, asthma hyperhidrosis, palpitation insomnia, edema, cough, bronchitis and lung abscess [8] . Studies have revealed that it has a wide range of antimicrobial [9, 10] and antioxidant [11] activities. Senejoux and others also explored its vasodilating effects and the underlying mechanisms [12] . Chemical analysis of Z. clinopodioides has focused mainly on the constituents of its essential oils and their bioactive constituents, of which pulegone is considered the most active compound [13] . The preliminary studies from our research group include character identification, microscopic identification, physical and chemical identification and component analysis, study of the stability of the plant's essential oils, inhibition of bacterial activity, and volatile oil chemical composition [14] , and determination of oleanolic acid and ursolic acid contents by HPLC [8] , and caffeic acid and rosmarinic acid in species from different locations in Xinjiang [15] . Moreover, we investigated the total polyphenolic and flavonoid contents, as well as the antioxidant activity of its extracts of different polarity [16] . These studies have revealed some characteristic compounds in Z. clinopodioides, such as diosmin, linarin and pulegone.
A serious issue for Z. clinopodioides, and herbal medicine in general, is that it is common in China for different herbal medicines to have the same name; this results in misuse, which may have unexpected or even harmful outcomes for patients. Furthermore, due to the variation in collection time, location, processing methods, and so on, significant differences may exist in the content of active compounds, even for the same species. However, reports on the quality control of Z. clinopodioides are sparse; and past work limited to one type of compound. Therefore, it is necessary to establish the fingerprint of Z. clinopodioides for its quality control. Herein we report the development of a LC method based on diosmin, linarin and pulegone. Y=bX+a, where Y and X are the values of peak area and concentration of the reference compound, respectively. The results of the regression analyses and the calculated correlation coefficients (R2) are listed in Table 1 . The high correlation coefficient values (R2 > 0.999) indicated good linearity between peak areas (Y) and compound concentrations (X, mg/mL) over relatively wide concentration ranges.
The limit of quantification (LOQ) was defined as the lowest concentration with a peak height 10 times that of the baseline noise (S/N=10). The minimum detectable concentration, as defined by a signal-to-noise ratio (S/N) of 3, was considered to be the limit of detection (LOD). The LOQ and LOD values for the three chemical components are also listed in Table 1 . Intra-day and inter-day precision and accuracy were evaluated by analyzing quality-control samples. The intra-day variation was examined by analyzing five individual sample solutions from the same exact of Z. clinopodioides on the same day. Inter-day precision and accuracy were determined by once daily trials for three consecutive days. Variations were expressed as relative standard deviation (R.S.D.). The values of the intra-and inter-day variations were less than 2.0%. The instrumental precision was evaluated by five replicate injections of the Ban Fang Ditch sample solution, and the R.S.D. value was below 1.22%.
The reproducibility of extraction was also investigated for the three components by comparing six samples from six independent extractions. Six samples of Z. clinopodioides powder from Ban fang ditch were accurately weighed, prepared, and analyzed by RRLC. The RSD values of the six replicates were less than 3.0% for all compounds, demonstrating the high reproducibility of the sample preparation procedure.
Recovery tests were performed to further investigate the reproducibility and efficiency of the extraction and analysis method. Recoveries of the three compounds were determined by the method of standard addition. Three concentrations of the compound standard solutions were used to spike Z. clinopodioides extracts containing known amounts of each compound (50%). The mixture was extracted and analyzed as described. The mean recoveries of the three compounds were 101.1% for diosmin, 96.4% for linarin and 98.4% for pulegone, with RSD values of 2.1%, 1.1%, and 2.6%, respectively. Altogether, these results indicate that the developed analytical method is reproducible and with high accuracy, and therefore satisfactory for quantitative analysis.
RRLC fingerprint and quantitative analysis:
To standardize the fingerprints, we analyzed ten samples using the optimized RRLC method. Eleven peaks were found in all ten samples with good resolution and were assigned as 'characteristic peaks' in the fingerprint chromatograms (see Figure 1) . Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine software was used to evaluate these chromatograms. To exclude the peaks from solvents, we selected the chromatographic data of these ten samples and treated them within the time frame of 1 to 60 minutes. The similarities of chromatograms for the ten samples to the reference fingerprints were established using the mean of every chromatogram (Figure 1) . The results showed that the ten samples possessed similarities to the reference fingerprints. As listed in Table 2 , the samples similarity index was higher than 0.9, indicating samples from different locations shared similar chromatographic patterns. Therefore, the detection of these common peaks in RRLC fingerprints is useful in assessing the quality of Z. clinopodioides.
The method also allows the simultaneous quantification of the three activity components, diosmin, linarin and pulegone, in the different Z. clinopodioides samples. Each sample was determined in triplicate and the peaks in the chromatograms were identified by comparing the retention times and UV spectra with those of authentic standards. Table 2 lists the concentration of each of these three compounds, which varies significantly among samples collected from different locations.
Principal component analysis:
PCA is a useful chemometric tool for data compression and information extraction, which finds combinations of variables or factors that describe major trends in a data set [16c]. The 10 samples were further analyzed by PCA to differentiate and classify the samples on the basis of the area of the 11 common peaks. The scatter plots derived from the PCA are shown in Figure 3 , in which each common peak is represented by a marker. It is clear that two principal components can be reflected in all the basic information. The greatest impact on the principal component 1 is the f11 that is the retention time of 47.9 min the corresponding compounds has the biggest influence on principal component 1. The greatest impact on the principal component 2 is the f10, namely the retention time of 41.2 min corresponding compounds.
Hierarchical cluster analysis:
Hierarchical cluster analysis was applied based on peak characteristics from fingerprint profiles of the samples from ten different locations presented in Table 3 , and the Euclidean distance, which is a pattern similarity measure, was selected as the measurement for hierarchical cluster analysis. This was operated with the assistance of SPSS 17.0 and the result is shown in Figure 4 . In cluster analysis, samples can be classified as one category because of the short Euclidean distance, which means they are more similar to each other than to others. In Figure 4 , comparing samples 1-10, we can see that samples 2 and 3, 5 and 7, and 9 and 10, having come from the same region, can be classified in the same categories and are very similar.
Conclusion:
In this study, a simple, accurate, and reliable RRLC method has been developed to evaluate the quality of Z. clinopodioides through establishment of chromatographic fingerprints and quantification of three active components, namely diosmin, linarin and pulegone. The chromatographic fingerprinting is able to show the authenticity, quality consistency, and stability of this herb, while the quantification of several marker compounds can better assess the quality of the TCM. All together, our method represents a marked improvement over the previous methods. Our results also demonstrate the significant differences in the amount of these three compounds in Z. clinopodioides collected from different locations. This variation could certainly lead to variable therapeutic outcomes. Our method can be used to guide the selection of areas for the cultivation of plants with higher activities. All these results provide a substantial basis for further research on the quality control and clinical application of Z. clinopodioides. 
Experimental
Reagents: Reference pulegone was purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China), and the reference samples of diosmin and linarin from Sigma (USA). Acetic acid of analytical grade was obtained from Fuyu (Tianjin, China). Reverse-phase HPLC-grade methanol was supplied by Fisher Scientific (USA). All solutions were prepared in water from a Millipore Q3 purification system (USA).
Plant materials:
Ten samples of Z. clinopodioides were collected from different regions in Xinjian, China, and were authenticated by Yonghe Li, a chief apothecary of Chinese medicine at the Hospital of Xinjiang (see Table 2 for details). Voucher specimens were deposited in the Department of Traditional Chinese Medicine Ethnical Herbs Specimen Museum Of Xinjiang Medical University. Table 2 ). 1184 Natural Product Communications Vol. 7 (9) 2012
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Optimization of solvents for extraction:
The herbal samples of Z. clinopodioides were first crushed into coarse powder. The powder (1000 g) was extracted with 30 mL solvent in an Erlenmeyer flask by sonication for 90 min, then the mixture was filtered through a 0.22 µm membrane filter. Ethanol, methanol, water, ethanol-water mixtures (2:1) and methanol-water mixtures (2:1) were evaluated as extraction solvent; the results are shown in Figure 2a . Because diosmin and linarin are sparsely soluble in methanol, DMSO as a co-solvent was found to be most efficient. A mixture of methanol and DMSO (3:1, v/v) was chosen for comparative analysis.
RRLC analysis: RRLC analysis was carried out on an Agilent 1200 LC Series chromatograph equipped with a diode array detection (DAD) system and a reversed-phase column (XDB-C 18 , 50 mm×4.6 mm, 1.8 µm, Agilent, USA) at 30°C. Unless otherwise specified, the detection wavelength was 270 nm. Data collection was performed using ChemStation software (Agilent). The injection volume was 6 µL.
Optimization of RRLC conditions: Chromatographic conditions were optimized by varying the mobile phase, column temperature and flow rate. Mixtures of water and methanol at different ratios did not offer satisfactory separation. It was found that the presence of acids in the mobile phase enhanced resolution. Furthermore, the effects of column temperature (25, 30, and 35°C) and flow rates (0.6, 0.8, 0.9 and 1.0 mL/min) were examined. The following conditions were found to be optimal for analysis: a mobile phase of solvent A (1% acetic acid in water, v/v) and solvent B (methanol), using gradient elution: 0-40 min, 85-60% A; 40-60 min, 60-45% A, at a flow rate of 0.9 mL/min and a column temperature of 30°C.
Optimal wavelength for monitoring: UV spectra for diosmin, linarin and pulegone in the range 190 to 400 nm were obtained by DAD. Whereas linarin absorbed maximally at 330 nm, pulegone did not absorb at this wavelength, so 270 nm was chosen to offer suitable sensitivity for each compound.
Data analysis: Data analysis was performed using the Similarity Evaluation System for Chromatographic Fingerprints of Traditional Chinese Medicine (Version 2004 A) . After the chromatographic data had been imported into the software, the marker peaks were chosen and all peaks matched. Subsequently, the mean chromategram was produced, and the similarity value of all introduced chromatograms relative to that of the mean chromatogram were calculated [17] . Principal component analysis (PCA) and hierarchical cluster analysis were carried out using SPSS 17.0.
